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We report a pressure study on electron doped
SrFe2−xCoxAs2 by electrical-resistivity (ρ) and magnet-
ic-susceptibility (χ) experiments. Application of either
external pressure or Co substitution rapidly suppresses
the spin-density wave ordering of the Fe moments and
induces superconductivity in SrFe2As2. At x = 0.2 the
broad superconducting (SC) dome in the T − p phase
diagram exhibits its maximum Tc,max = 20 K at a pres-
sure of only pmax ≈ 0.75 GPa. In SrFe1.5Co0.5As2 no
superconductivity is observed anymore up to 2.8 GPa.
Upon increasing the Co concentration the maximum of
the SC dome shifts toward lower pressure accompanied
by a decrease in the value of Tc,max. Even though, su-
perconductivity is induced by both tuning methods, Co
substitution leads to a much more robust SC state. Our
study evidences that in SrFe2−xCoxAs2 both, the effect
of pressure and Co-substitution, have to be considered
in order to understand the SC phase-diagram and further
attests the close relationship of SrFe2As2 and its sister
compound BaFe2As2.
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1 Introduction The parent compounds AFe2As2
(A=Ca, Sr, Ba, Eu) of the iron-pnictide superconductors
exhibit at ambient pressure a spin-density wave (SDW)
instability at TSDW which is associated with a tetragonal
to orthorhombic structural phase transition [1,2]. Doping
with K, Cs, or Na at the A site (hole doping) [3,4,5,6,
7] or partial replacement of Fe with Co or Ni (electron
doping) [7,8,9,10] suppresses the SDW transition rapidly.
Alternatively TSDW can be suppressed by application of
external pressure [11,12,13]. In both cases, superconduc-
tivity starts to develop in the region where TSDW becomes
zero. In SrFe2As2, for example, superconductivity has
been confirmed on doping with K, Cs, or Na at the Sr-
site (hole doping) [3,4,5,6,7] or partial replacement of Fe
by Co or Ni (electron doping) [7,8,9] as well as under
external pressure [11,12,14,15,16,17,18,19,20,21,22].
While pressure-induced superconductivity in stoichio-
metric SrFe2As2 [11,12,14,15,16,17,18,19,20,21,22] as
well as superconductivity on electron- and hole-doping
has been studied extensively [4,5,6,7,8,9,23,24,25,26],
only one combined pressure – hole-doping study has
been reported in Sr1−xKxFe2As2 [27], but no pressure
– electron-doping investigation. Substituting Fe by Co in
SrFe2−xCoxAs2 corresponds to an electron doping di-
rectly inside the iron-arsenide layers. Upon increasing the
Co concentration the SDW transition is suppressed rapidly
from TSDW = 205 K in undoped SrFe2As2 to 95 K at a Co
concentration of x = 0.15 [8]. At x = 0.2 no indication
of the SDW anomaly is observed neither in resistivity nor
in magnetic-susceptibility experiments [8]. Superconduc-
tivity develops in the concentration range 0.2 ≤ x ≤ 0.4.
The bulk nature of the superconductivity has been con-
firmed by specific-heat measurements [8]. The maximum
Tc of Tc,max = 19.4 K is already observed at x = 0.2,
which is the lowest Co concentration where superconduc-
tivity appears. With further increasing Co concentration
Tc decreases monotonically. Finally, SrFe1.5Co0.5As2 is
not superconducting (SC) anymore. The T − x phase
diagram of SrFe2−xCoxAs2 resembles that of the temper-
ature – pressure (T − p) phase diagram of stoichiometric
SrFe2As2. Here, on application of hydrostatic pressure
TSDW is suppressed between 3 and 4 GPa [11]. In this
pressure range also superconductivity appears [11]. The
bulk nature of the SC phase has been confirmed by mag-
netization and susceptibility data [14]. However, there is
a discrepancy in literature on the actual pressure range
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where superconductivity is observed [11,12,14,15,16,17,
18,19,20,21,22].
In this paper we compare the effect of electron doping
inside the iron-arsenide layers by substituting Fe by Co
and the application of hydrostatic pressure on the SDW
transition as well as on the SC properties of SrFe2As2.
While there is no data available on the combined effect
of Co-substitution and pressure in SrFe2As2, its stoichio-
metric sister compound BaFe2As2 has been studied in
details [28,29,30,31,32,33,34]. In order to establish the
T − p phase diagram of SrFe2−xCoxAs2 and to com-
pare it with the findings in BaFe2−xCoxAs2, we car-
ried out electrical-resistivity experiments under hydro-
static pressure on three different SrFe2−xCoxAs2 sam-
ples with the concentrations x = 0.1, 0.2, and 0.5. The
samples were chosen in a way to be in the underdoped
(x = 0.1, SDW and no superconductivity), optimally
doped (x = 0.2, no SDW and superconductivity), and
overdoped (x = 0.5, no SDW and no superconductivity
at atmospheric pressure) regime. We will demonstrate that
the application of pressure gradually suppresses TSDW
and induces superconductivity in SrFe1.9Co0.1As2, but at
much lower pressures and with a much smaller Tc,max
compared with stoichiometric SrFe2As2. For x = 0.2
superconductivity appears in a dome-like shape in an ex-
tended pressure range. No superconductivity is induced
in SrFe1.5Co0.5As2. The electrical-resistivity studies are
complemented by magnetic-susceptibility investigations
on SrFe1.85Co0.15As2 under pressure.
2 Methods Polycrystalline samples were synthesized
by sintering stoichiometric amounts of the precursors
SrAs, Fe2As and Co2As (for details see Ref. [8]). X-
ray diffraction measurements confirmed the ThCr2Si2-
type structure (space group I4/mmm) for all samples [8].
Temperatures down to 1.8 K and magnetic fields up to
14 T were generated using a cryostat equipped with a
superconducting magnet (PPMS, Quantum Design). In
a double-layer piston-cylinder type cell pressures up to
2.8 GPa have been achieved with silicon oil as pressure
transmitting medium [35]. A piece of lead was used as
manometer. Measurements of the electrical resistivity were
carried out using a standard four-probe technique utiliz-
ing a LR700 (Linear Research) resistance bridge. The
magnetic field was applied perpendicular to the electrical
current. Magnetic-susceptibility measurements were con-
ducted with a miniaturized coil system consisting of one
primary coil and one pair of compensated secondary coils
sitting inside the pressure cell. Here the LR700 served as
mutual-inductance bridge. A frequency of ν = 16 Hz and
a modulation field, HAC, in the range between 0.06 and
20 Oe were used. The sample was placed in the center
of one of the secondary coils. In order to obtain absolute
values of the sample susceptibility we used the size of
the diamagnetic signal of the piece of lead sitting next to
0
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Figure 1 Electrical resistivity of SrFe2−xCoxAs2 (x =
0.1, 0.2, and 0.5) for selected pressures. TSDW is marked
by arrows [36]. Inset: low-temperature electrical resistivity
of SrFe1.8Co0.2As2.
the sample and set it to −1. This procedure allowed us to
estimate the SC volume fraction of our sample.
3 Results and discussion Figure 1 displays the
electrical resistivity ρ(T ) of SrFe2−xCoxAs2 (x = 0.1,
0.2, and 0.5) for selected pressures. At all investigated
pressures, ρ(T ) decreases monotonically upon decreasing
temperature indicating metallic behavior. Only for x = 0.1
a pronounced upturn in ρ(T ) toward lower temperatures
indicates the SDW transition of the itinerant iron moments,
which is associated with a structural transition from a
tetragonal to an orthorhombic phase. The increase in ρ(T )
at TSDW [36], is distinct from the sharp drop observed
in undoped SrFe2As2 [2], but is in good agreement with
reports on other doped AFe2As2 compounds [8,28,37,38].
The different behavior in the electrical resistivity at TSDW
might be related to disorder introduced by the Co substi-
tution. In SrFe1.9Co0.1As2 application of pressure shifts
the anomaly at the SDW transition from TSDW = 125 K
at ambient pressure to 72 K at 2.60 GPa. The anomaly
Copyright line will be provided by the publisher
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Figure 2 T − p phase diagram of SrFe2−xCoxAs2, x =
0.1, 0.15 (resistivity data not shown), and 0.2. TSDW,
T onsetc,ρ , and T finalc,ρ obtained from the electrical resistivity
as function of pressure [39].
in ρ(T ) broadens and becomes less pronounced with in-
creasing pressure. At 2.8 GPa we do not find any feature
related to the SDW transition in our data anymore suggest-
ing that TSDW(p) is suppressed to zero at a critical pres-
sure pc between 2.6 and 2.8 GPa. The resistivity curves
of SrFe2−xCoxAs2, x = 0.2 and 0.5, do not show any
qualitative change in shape upon increasing pressure (see
Fig. 1). While SrFe1.9Co0.1As2 and SrFe1.8Co0.2As2 be-
come superconducting, SrFe1.5Co0.5As2 does not show
any indication of the formation of a SC state in the whole
investigated pressure range up to 2.8 GPa.
In SrFe1.9Co0.1As2 a small reduction in ρ(T ) below
15 K indicates the presence of some spurious supercon-
ductivity already at ambient pressure (see Fig. 1a), which
might be induced by internal strains [9]. Upon increas-
ing pressure the drop in ρ(T ) becomes more pronounced
and its onset shifts to higher temperatures. Finally, at p =
2.36GPa a zero-resistance state is observed below T finalc,ρ =
4.0 K [39]. We note that at this pressure the SDW transition
is still present at TSDW = 84 K along with superconductiv-
ity at low temperatures. The step in ρ(T ) becomes sharper
and T finalc,ρ increases up to 19.8 K at 2.8 GPa. The increase
in Tc coincides with a considerable narrowing of the tran-
sition anomaly in the resistivity, as shown in the T − p
phase diagram in Fig. 2. The width of the SC transition de-
creases upon increasing pressure from ∆Tc = T onsetc,ρ −
T finalc,ρ = 20.6 K at 2.14 GPa to only 6.5 K at 2.8 GPa.
While T finalc,ρ still increases slightly up to our highest pres-
sure p = 2.8 GPa, T onsetc,ρ achieves its maximum already
at 2.7 GPa denoting that the maximum of the SC dome
is almost reached. This indicates that in SrFe1.9Co0.1As2
Tc,max is smaller than in the undoped mother compound
[?]. One reason might be the disorder induced in the iron-
arsenide layers by the Co substitution which could limit Tc
under pressure.
We now turn to SrFe1.8Co0.2As2, where at ambient
pressure no SDW order is present anymore. A drop in ρ(T )
to zero at T finalc,ρ = 18.8 K indicates the existence of su-
perconductivity already at atmospheric pressure. The bulk
nature of the SC phase has been confirmed by magnetic-
susceptibility and specific-heat experiments [8]. The ef-
fect of pressure on Tc is initially rather weak. The in-
set of Fig. 1 displays a magnification of the resistivity in
the low-temperature region. Upon application of pressure
the SC transition temperature first increases slightly up to
Tc,max = 19.3 K at 0.4 GPa before it starts to decrease
again, indicating that SrFe1.8Co0.2As2 is still situated on
the left side of the SC dome, in the under-doped regime, in
the T−x phase diagram. Above 1.5 GPa, T finalc,ρ (p) starts to
drop faster upon increasing pressure as depicted in Fig. 2.
In the region of the maximum of the SC dome we observe
a rather narrow SC transition, ∆Tc = 1.3 K. This value is
considerably smaller than in the case of SrFe1.9Co0.1As2
despite the higher Co concentration. This might indicate
that disorder induced by Co substitution has only a minor
effect on the width of the SC transition. With increasing
distance to Tc,max ∆Tc increases slightly, but still remains
much smaller than in SrFe1.9Co0.1As2.
The effect of pressure on SrFe2As2 resembles that of
Co-substitution on the iron site [8,11]. However, the max-
imum SC transition temperature is larger in pressurized
compared with Co-doped SrFe2As2. Our study shows that
this is a general trend in the combined T − p − x phase
diagram of SrFe2−xCoxAs2: Tc,max observed under pres-
sure decreases and shifts toward lower temperatures upon
increasing the Co concentration. At the same time su-
perconductivity develops in an extended pressure inter-
val. A similar behavior has been previously established for
BaFe2−xCoxAs2 [28,29,30,31,32,33,34]. Thus our study
provides additional experimental evidence for the close re-
lation of the Sr- and Ba-variants of the 122 iron-pnictide
superconductors.
In SrFe1.9Co0.1As2 we have also investigated the ef-
fect of a magnetic field on the SC transition at 2.8 GPa
close to the maximum of the SC dome. The results of the
ρ(T ) experiments carried out in different magnetic fields
up to 14 T are displayed in Fig. 3. We note that the transi-
tion slightly broadens upon increasing the magnetic field.
This is expected in a polycrystalline material possessing
an anisotropic Hc2(T ) as anticipated for a quasi-two di-
mensional electronic structure [26]. The Hc2(T ) curves
obtained from T onsetc,ρ , Tmidc,ρ , and T finalc,ρ are displayed in
Copyright line will be provided by the publisher
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Figure 3 Electrical resistivity of SrFe1.9Co0.1As2 at 2.8
GPa in different applied magnetic fields. Inset: Hc2 − T
diagram for Hc2 determined from T onsetc,ρ , Tmidc,ρ , and T finalc,ρ
[39].
the inset of Fig. 3. A minor tail in Hc2(T ) is visible
at small magnetic fields. It is most pronounced in the
Hfinalc2 (T ) curve. It is likely to be related with multiband
effects. Disregarding this tail, we obtain an initial slope of
µ0dH
final
c2 (T )/dT ≈ −1.8 T/K.
In addition to the electrical-resistivity studies, we car-
ried out detailed magnetic-susceptibility measurements on
SrFe1.85Co0.15As2 under external pressure. Figure 4 de-
picts the temperature dependence of the real χ′V and imag-
inary χ′′V parts of the volume susceptibility at different
pressures. χ′V (T ) at 0.05 GPa already displays a small dia-
magnetic response of about 10% of the sample volume at
1.8 K. Upon increasing pressure the SC volume fraction
rapidly increases. At 1.05 GPa χ′V (T ) tends to saturate to-
ward the lowest temperatures at about −0.7 indicating a
diamagnetic signal corresponding to 70 % of the sample
volume. Within the accuracy of our experiment this value
does not change up to p = 2.58 GPa, the highest pressure
in our experiment. Considering the uncertainties in the esti-
mation of the SC volume fraction, our results indicate that
almost the complete sample becomes SC in the pressure
range above 1.05 GPa.
The effect of a magnetic field on χ′V (T ) at 2.3 GPa,
close to the maximum of the SC dome, is shown in Fig. 5.
The SC volume fraction decreases fast upon increasing the
magnetic field and does not saturate anymore down to the
lowest temperatures already in the smallest applied field of
0.1 T. At 9 T we find a SC volume fraction of only 25%
remaining.
At 2.3 GPa, χ′V (T ) exhibits a sharp drop at the on-
set of the diamagnetic response, but develops a shoulder at
lower temperatures. This shoulder is also present at smaller
pressures, but less prominent. This two-step SC transition
is known for polycrystalline samples and is related to the
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Figure 4 (a) Real and (b) imaginary parts of the volume
susceptibility of SrFe1.85Co0.15As2 at different pressures.
The data were taken with an excitation frequency of 16 Hz
and an amplitude of the oscillation field of 1.33 Oe. The
arrow in (b) marks the shoulder in χ′′V (T ) attributed to in-
tragrain superconductivity. See text for details.
granularity of the material. It has been investigated in de-
tails in the high-temperature cuprate superconductors [40].
Upon cooling first intra-grain superconductivity develops
before inter-grain coherence is established at lower temper-
atures. χ′′V (T ) displays a large peak related to loss due to
the coupling between the grains, while only a small feature
is visible at the onset of the diamagnetic response arising
from flux entry into the grains (see Fig. 4). As expected,
the amplitude of the oscillation field has a strong influence
on inter-grain effects as visible in the magnetic suscepti-
bility displayed in Fig. 6. Upon changing the amplitude
from HAC = 0.0665 to 19.95 Oe by a factor of 300, the
onset of the diamagnetic signal is almost unaltered. There
is only little influence on the initial drop in χ′V (T ), since
this drop originates from the development of superconduc-
tivity in individual grains. However, we find large changes
due to inter-grain effects in both, real and imaginary parts
of the susceptibility: increasing HAC reduces the diamag-
netic signal and shifts the inter-grain loss peak strongly to-
ward lower temperatures. At the same time a second peak
Copyright line will be provided by the publisher
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Figure 5 Real part of the volume susceptibility of
SrFe1.85Co0.15As2 at 2.3 GPa measured in different mag-
netic fields upon warming, after cooling the sample in zero
magnetic field. The data were taken with an excitation fre-
quency of 16 Hz and an amplitude of the oscillation field
of 1.33 Oe.
(shoulder) at higher temperatures associated with the flux
entry into the grains becomes more pronounced.
4 Summary We carried out a combined Co-substi-
tution and hydrostatic-pressure study for SrFe2As2 mate-
rials, where substituting Fe by Co directly corresponds to
electron doping into the iron-arsenide layers. Co substitu-
tion as well as application of pressure leads to a suppres-
sion of the SDW transition and the development of a SC
phase in a similar way like in BaFe2As2 . We observe a
SC dome in the T − p phase diagram for SrFe2−xCoxAs2,
x = 0.1, 0.15, and 0.2. Its maximum shifts systematically
toward lower pressures with increasing Co concentration.
At the same time the maximum Tc decreases, but super-
conductivity extends to a larger pressure range in the T −p
phase diagram indicating a more robust SC state.
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